The extreme cycles of flood and drought in the Poyang Lake catchment (China) place immense pressure on the region's water users and ecosystems. This study examines potential impacts of future climate change in the Poyang Lake catchment using the popular regional climate model, COSMO-CLM, and a distributed hydrological model, WATLAC. Near-future projections (2016)(2017)(2018)(2019)(2020)(2021)(2022)(2023)(2024)(2025)(2026)(2027)(2028)(2029)(2030)(2031)(2032)(2033)(2034)(2035) indicate that the mean annual precipitation and temperature are expected to increase over the catchment, with the exception of some northern regions. Relative to the baseline period (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005), the monthly mean precipitation is projected to increase in spring, summer and autumn (March-October), and to decrease in winter (November-February), with the most significant changes in September (62%) and January (À39%). Projected increases in monthly mean temperatures range from 0.3 to 1.4 W C, 0.2 to 0.7 W C, and 0.2 to 1.2 W C for Representative Concentration Pathways (RCP)
INTRODUCTION
The increasing atmospheric concentrations of greenhouse gases, especially carbon dioxide, that have led to warming of the earth's surface (Feng et al. ) and associated cli- The availability of catchment water resources is closely linked to variations in climate. Climate change affects catchments through the direct influence of atmosphere drivers (e.g., temperature, precipitation and wind speed) and associated changes in catchment hydrological processes (Kienzle et al. ) . While several climate variables are influenced by climate change, precipitation and temperature are the two dominant factors affecting the variations of river discharge on the catchment scale (Liu et al. ) . Catchment discharge behavior may be considered as a sentinel for regional water cycles, by exhibiting a particularly robust signal that integrates climate and landscape stresses and that reflects significant changes in these (e.g., Cornelissen Hydrological projections and their associated applications to river discharge remain an important topic given increased confidence in changing climatic patterns around the globe.
During the past two decades, numerous large-scale climate models have been developed for global and/or regional hydrological assessment and modeling (Li et al. a The five rivers contribute approximately 89% of the lake's inflow, while backflow (i.e., the temporal reversal of flow from the Yangtze River to the lake at the lake's outlet) contributes around 3% of the lake's inflow. The remaining 8% is made up of other sources such as minor streams, rainfall to the lake's surface, and groundwater discharge (Li et al. b) . The hydrological regime of Poyang Lake is controlled both by the catchment rivers and the Yangtze River, resulting in dramatic seasonal water level fluctuations of 8 to 22 m, and associated changes in the water surface area, which varies from less than 1,000 to over 3,000 km 2 (Feng
The Poyang Lake catchment has a mean annual precipi- 
MATERIALS AND METHODS

Data availability
Measured daily precipitation and temperature from 14 weather stations inside Poyang Lake catchment ( Table 1 .
Climate change scenarios and bias correction
The commonly used scenarios, called Representative Concentration Pathways (RCP), are designed to accommodate a wide range of possibilities in social and economic development consistent with specific radiative forcing paths (Kharin et al. ) . We consider future climate 
where x obs is the observed climate variables or river discharge, x sim is the predicted climate variables or river discharge, x obs and x sim represent the average values of observed and predicted climate variables or river discharge, respectively, t denotes the current time step, and n is the total number of time steps. The ideal value for E ns , R 2 and r is 1, and the ideal value for R e is 0.
RESULTS
Evaluation of bias correction
The outcomes of bias correction, given in Figure 2 , show that prior to correction, the probability density of the COSMO-CLM simulated precipitation shows fewer occur- The results of WATLAC calibration and validation are given as scatter plots and statistical measures in Figure 3 and 
).
The monthly mean changes (2016-2035 versus 1986-2005) in precipitation and temperature in the five subcatchments and in the whole Poyang Lake catchment are shown in Figure 5 . For all three climate scenarios, precipitation changes show complex patterns at the monthly scale. Although the general relationships between the three climate scenarios are fairly consistent between subcatchments, substantial differences in the magnitude of precipitation changes are evident ( Figure 5 ). Generally, increases in monthly mean precipitation tends to occur during spring to autumn (i.e., March-October), with the largest increases of 62% and 50% (RCP8.5) occurring in September and October, respectively. Monthly precipitation may decrease in late autumn and winter (i.e., NovemberFebruary), with the largest decrease in November for the RCP2.6 scenario (18%) and RCP8.5 (31%), and in January for RCP4.5 (39%). It is also noteworthy that the future monthly precipitation of Poyang Lake catchment has a range between 41 mm in winter and 350 mm in summer averaged over the three climate scenarios.
Relative to the precipitation changes, the monthly mean temperature tends to show a fairly consistent increasing trend throughout the year, except a slightly decreasing trend for the Xinjiang, Raohe and Xiushui Rivers with the RCP4.5 scenario ( Figure 5 ). The RCP2.6 scenario appears to contribute most to the late winter (January-February), spring (March-May) and autumn (September-November)
warming across the Poyang Lake catchment, while the RCP4.5 and 8.5 scenarios contribute the most to the summer (June-August) and early winter (December) warming. It is projected that the monthly mean temperature will vary from approximately 6.1 W C to 28.7 W C under future climate scenarios. The range of monthly temperature increase, averaged across the Poyang Lake catchment, is 0.3-1.4 W C for the RCP2.6 scenario, 0.2-0.7 W C for RCP4.5, and 0.2-1.2 W C for RCP8.5, indicating the strong likelihood of warmer temperatures in the near future. In all three emission scenarios, the increase in temperature is distinctly larger from November to April (up to 1.5 W C) compared to other months of the year (<1 W C), suggesting a warmer winter and spring in the future.
Climate change impacts on river discharges Table 5 summarizes the changes in mean annual river discharge in the five sub-catchments and the whole Poyang Lake catchment. The annual discharge change with respect to the baseline period has the range between À1.0% and 5.0% under the three climate scenarios. Taking the average of the three climate scenarios, the mean annual river discharge is projected to increase in all of the rivers, with the exception of the Xinjiang River. For the whole catchment, the mean river discharge is projected to increase by 1.2%, averaged across the three scenarios.
Seasonal changes in future river discharge are indicated in Figure 6 . The results show that all climate scenarios cause distinctly decreasing river discharge in all of the sub-catchments in winter, ranging from À1% to À13% (Figure 6(d) ).
This is attributable to the temperature increase and/or precipitation decrease during winter (see Figure 5 ), which is more likely contributing to projected decreased winter river discharges relative to the baseline period. Unlike climate scenario RCP8.5, both RCP2.6 and RCP4.5 result in an increase in simulated river discharges in summer ( Figure 6 (b)), with the largest increase of 11%. Unlike the river discharge response in winter and summer, there is variability in the climate change impact in spring and autumn (Figure 6 (a) and 6(c)). That is, the three climate scenarios result in both increase and decrease in simulated river discharge, varying between the sub-catchments and climate change scenarios. It is noteworthy that the magnitude of projected increase in river discharge in autumn (up to 23%; RCP8.5) is markedly larger than the decrease in river discharge in spring and autumn (Figure 6 (a) and 6(c)). This leads to the increase in discharge for the catchment as a whole, as reported above.
For the whole Poyang Lake catchment, the monthly mean discharge has a range between 2,340 m 3 /s and 9,100 m 3 /s under future climate changes. Figure 7 further shows the future change in monthly mean discharge in the five sub-catchments and for the whole Poyang Lake catchment, compared to the baseline period. The differences between climate change scenarios are considerable, whereas the discharge trends show similar patterns across all of the sub-catchments. Figure 7 shows that monthly mean discharge has a decreasing trend in January, February, July, and November, with the largest change of À20% in July (ranging from À1% to À20% for all the sub-catchments). The monthly mean discharge increases in June, in particular in the Xiushui River, which has the highest increase of 16%.
Changes in monthly discharge in other months show both increasing and decreasing trends between the different sub-catchments and climate change scenarios. The monthly mean discharge is expected to change considerably in August-October (ranging from À14% to 37%; and averaging 10%). The The projected changes of exceedance probability in extreme low flows and the lowest river discharge are not apparent for different rivers under the three climate scenarios (Figure 8 ).
For different rivers, the three climate scenarios tend to produce increases in high flows (Q10) and decreases in low flows (Q90) with only the exception of the RCP8.5 scenario ( Figure 9 ). The projections suggest that high flows and low flows could be serious issues for flooding and drought management across the Poyang Lake catchment in the near future. This is primarily attributable to the increases in river discharge in summer and decreases in winter (Figures 6 and 7) .
DISCUSSION AND CONCLUSIONS
The potential implications of climate change on the hydrological system over the Poyang Lake catchment (China) have been assessed using the WATLAC model and the RCM COSMO-CLM. Previous studies have concluded that although the land-use change exerts some impacts on the river discharge, climate change is the primary factor causing the river discharge change of the Poyang Lake catchment It is also acknowledged that obvious differences between climate observations and COSMO-CLM simulations were observed in this study. According to the biascorrected scenarios, the projected climate variables and associated river discharges for different RCPs do not show Thus, water resource managers and wildlife managers in Poyang Lake and its catchment may need to adapt to less water availability during the dry months, and as peak flows become more extreme, more works should be directed at quantifying their impact on existing infrastructure.
